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Introduction 

The follo\"ing paper is based on the results of tests, upon 
duralumn columns, contained in tvio theses presented to the 
Department of Civil and Sanitary Engineering of the Massachusetts 
Institute of Technology: one by Messrs- Ex'-Jln Harsch and S. P- 
^Jifhitehead in 1920, and one by Messrs. R- H* Becker and G. A. Noveck 
in 1922- These theses v/ere made c.t the request of certain offic- 
ials of the United States Navy Department ^;;hich ras, at the time, 
preparing plans for the Shena.ndoah, and the materials v/ere provided 
by that departmient* The tests v/ere conc?Aicted under the general 
supervision of Professor Charles M. Spofford, hea.d of the Civil 
and Sanitary Engineering Department of the Massachusetts Institute 
of Technology, through whose courtesy the publication of this proper 
is made possible* The actual testing was done with the advice and 
under the supervision of Professor Harrison W- Hayward, in charge 
of the Mechanical Testing Laboratories of the Institute^ The 
curves shows in figures were plotted by the author from the data 
given in these theses; and the conclusions presented are also by 
the author • 
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Compression tests \vere made on four sets of heat-treated dural- 
umin columns of different cross-section and varying thickness for 
different values of L/r. The specimens to be tested were cut to 
length, their ends machined square, and mounted between hemispher- 
ical bearing caps in an Olsen vertical testing machine (accurate 
to 20 lb.)- In mounting the specimens a template v;as used to in- 
sure accurate centering. The load was applied by hand- Three 
individual tests were averaged for each point appearing on the 
plots- 

The m.ost interesting thing to be observed in the plots is the 
behavior of the colum.ns at low values of L/r. While at the higher 
values (L/r = 80 and upwards) the points lie close to Euler's 
curve, at the lower values they do not break away in the parabolic 
form which we ordinarily expect. Instead, the curves break away 
rather earlier and in some instances remain concave upwards through- 
out their entire length. This tendency is most marked in thin sec- 
tions with free edges far from the neutral axis, such sections be- 
ing peculiarly liable to secondary failure by crinkling. Presuma- 
bly, if the curves for such sections were continued below L/r = 20 
they would continue rising more and more steeply until they reached 
the ultimate compressive strength (55,000 Ib./sq.in.) at L/r = 0. 
As the sections are thickened up, the points lie closer to a straigh'^ 
line than to a curve. It may therefore be assumed that if we con- 
tinued to increase the thickness the curve will eventually become 
convex upward, and take the more familiar form, the maximum value 
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being at 55,QC0 Ib./sq-in^ at L/r = 0 as before. For t-'O of the 
groups of sections (series A cLncl B) the reversal in curvature ac- 
tually appear s* 

This peculiar deviation from conventional column behavior ap-- 
pears to be due to local failure of the long unsupported flanges 
of the column- This failure is mcvnifested in several ways- In the 
shorter columns it takes the form of direct local buckling. In the 
longer colurrns both flanges occasionally bend in the same direction, 
?/hich e.mounts to giving the center of the colur/n an angular dis- 
placement relative to the ends^ and the failure is by twisting. 
Again^ if the flanges bend in opposite directions, distortion takes 
place, c.nd not infrequently the column fails about an axis which 
formerly had the greatest moment of inertia* In the case of the 
plain angle sections, where the outstanding legs receive the least 
support of any 3 the outer portions of these legs appeared to act as 
separe.te columns rnd buckle sepe^rately, as cculd be so noticed 
during the test . 

It is useful to adopt a formula which will approximately fit 
all of the various column sections with which we have to deal- It 
is bound to be over-conservative in most cases, but the designer is 
constantly in need of some such formula for sections on which he 
has no tests. The following are accordingly suggested for pin- 
end ed CO lumn s • 

From L/r = 0 to L/r = 90 

(1- 

f^ - 35,000 - 250 L/r 
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Fror.: L./r = 90 upv;ards 

p (2 

= 100,000, 000/ (L/r) 
The first of these is an entirely er.pirical straight-line formula 
^hich is practically tangent to the second at L/r =^ 90. The sec- 
ond is Suler's formula f. = (nf E/ih/xf "here E for duralu- 
min has been taken as 10,130,000 Ib./sq.in., '.7hich is a very rea- 
sonable value. Another "ormula v.rhich is of interest is that sug- 
gested by the Arm.y of the form 

fc = '3 [47,000 - 400(L/r)] (3 
for values of L/r from 0 to 80. The .8 factor disappears for 
tubes and bars, but is used for all other sections. For columns 
fixed at the ends, the 400 becomes 280 and the formula is good up 
to L/r = 110. The principal difficulty vdt.i the Army formula is 
that it does not come tangent to Suler's curve by a considerable 
amount. It fits the points almost as v/ell as formula Mo. 1, hov/ever. 

The curves determined by formulas Nos- 1 and 2 are drav/n in on 
each of the four plots. It ';dll be noticed in Figs- 2 and 3 that 
the channels B-1 and N-1 fall belor; the curi'-e. These tvo channels 
are so exceedingly thin for their size that they are quite uneconomi- 
cal sections; their ratio of thickness to perimeter is I/6O and 
1/40, respectively. The same thing may be scld of the "S" sections 
in Fig. 4. Here ^-e find all of the test specimiens helo^n the curve. 
If, however, v/e extra.polate from the test values, vie conclude that 
the formula will hold for angles in which the thickness of plate is 
at least l/lO of the length of a leg. Fig. 4 shows very clearly 
the inefficiency of the plain s-ngle section. 
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Fig.l 
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Fig.l Compression tests mark "A" heat treated dural^omin 
columns. Columns tested as pin ended struts. Least radius 
of gyration is about axis of non-symm.etry . 
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Fig. 2 
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Fig. 2 Compression tests mark "B" heat treated duralumin 
columns. ColumfiP test ed as pin ended struts. Least radius 
of gyration is about axis of non-symmetry. 
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Fig. 3. 
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Compression tests mark "N" heat treated duralumin 
Columns tesred as pin ended struts. Least radius of 
gyration is about axis of nom-symmetry . 
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Fig. 4 Compression tests mark "S" heat treated duralumin columns. 
Columns tested as pin ended struts. Least radius of 
gyration is a-bout axis of non-symmetry. 



